A Gram-staining-negative, yellow-pigmented, non-motile, strictly aerobic, rod-shaped bacterium, designated strain CNU001 T , was isolated from seawater collected on the coast of Jeju Island, South Korea, and subjected to a polyphasic taxonomic study. The temperature, pH and NaCl ranges for growth were 10-30 6C, pH 6.0-10.0 and 2.0-5.0 %, respectively. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain CNU001
The genus Erythrobacter, proposed by Shiba & Simidu (1982) , belongs to the family Erythrobacteraceae in the asubclass of the phylum Proteobacteria. The family Erythrobacteraceae contains the genera Altererythrobacter (Kwon et al., 2007) , Erythrobacter, Porphyrobacter as well as a genus, Erythromicrobium (Lee et al., 2005) , that previously belonged to the family Sphingomonadaceae. At the time of writing, the genus Erythrobacter comprises 11 species: Erythrobacter longus (Shiba & Simidu, 1982) , Erythrobacter litoralis (Yurkov et al., 1994) , Erythrobacter citreus (Denner et al., 2002) , Erythrobacter flavus (Yoon et al., 2003) , Erythrobacter aquimaris (Yoon et al., 2004) , Erythrobacter gaetbuli (Yoon et al., 2005a) , Erythrobacter seohaensis (Yoon et al., 2005b) , Erythrobacter vulgaris (Ivanova et al., 2005) , Erythrobacter gangjinensis (Lee et al., 2010) and Erythrobacter nanhaisediminis (Xu et al., 2010) . Although the cells of E. longus and E. litoralis contain bacteriochlorophyll a and carotenoids (Shiba & Simidu, 1982; Yurkov et al., 1994) , those of other members of the genus Erythrobacter have no detectable bacteriochlorophyll a (Denner et al., 2002; Yoon et al., 2003 Yoon et al., , 2004 Yoon et al., , 2005a Ivanova et al., 2005; Lee et al., 2010; Xu et al., 2010) . In this study, the taxonomic position of an Erythrobacter-like bacterium isolated from seawater was investigated by following a polyphasic approach.
The novel isolate, designated strain CNU001 T , was isolated from a seawater sample collected on the coast of Jeju Island, in South Korea. The seawater sample was diluted with sterilized artificial seawater (Yoon et al., 2002) , spread onto a plate of marine agar 2216 (MA; Difco) and incubated at 30 u C. The novel strain was routinely cultured on MA. It was preserved as a suspension in 10 % (v) glycerol in marine broth 2216 (MB; Difco) at 280 u C. After the optimum growth temperature was determined, cultures on MA or in MB were incubated at this temperature (30 u C). E. The novel strain's 16S rRNA gene was amplified by PCR, using Taq DNA polymerase (Bioneer), the primers 27F and 1492R (Lane, 1991) and DNA that had been extracted from a single colony by a boiling method (Englen & Kelley, 2000) . The PCR products were purified using the AccuPrep PCR purification kit (Bioneer). Sequencing of the amplified 16S rRNA gene fragment was performed, with an ABI 3730XL automatic sequencer (Applied Biosystems), by Solgent (Daejeon, South Korea). The 16S rRNA gene sequence of strain CNU001
T was compared with the 16S rRNA gene sequences available in GenBank using the BLASTN program (Altschul et al., 1990) , which was also used to determine an approximate phylogenetic affiliation. The gene sequence was then aligned with the corresponding sequences of closely related species by using the CLUSTAL W software package (Thompson et al., 1994) . Sequence similarity values were then computed using the EzTaxone server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Gaps at the 59 and 39 ends of the alignment were omitted in further analyses. Sequences were assembled using the BioEdit program (Hall, 2007) . Phylogenetic trees were constructed, by the neighbour-joining method described by Saitou & Nei (1987) and the maximumparsimony method described by Felsenstein (1978) , within version 4.0 of the MEGA software package (Tamura et al., 2007) and, by the maximum-likelihood method (Felsenstein, 1981) , within version 3.67 of PHYLIP (Felsenstein, 2007) . For the neighbour-joining method, evolutionary distance matrices were calculated according to the algorithm of the JukesCantor model (Jukes & Cantor, 1969) . The topologies of the three resultant trees were evaluated using bootstrap analysis (Felsenstein, 1985) .
In phylogenetic analysis based on its almost-complete 16S rRNA gene sequence (1480 bp), strain CNU001
T appeared most similar to members of the genus Erythrobacter (with sequence similarities of 94.7-96.6 %). The type strains found to be most closely related to the novel strain were E. longus DSM 6997 T (96.6 % sequence similarity), E. gaetbuli SW-161 T (96.3 %) and E. vulgaris K022 2-10 T (96.2 %). In the phylogenetic tree based on the neighbour-joining method (Fig. 1) , strain CNU001
T was clustered with members of the genus Erythrobacter, although levels of bootstrap support for the clade were relatively low (58 %). The novel strain was similarly clustered with members of the genus Erythrobacter in the maximum-parsimony tree (Fig. S1 , available in IJSEM Online) and the maximumlikelihood tree (Fig. S2 ).
Cell morphology was assessed in a scanning electron microscope (SNE-1500M, SEC) using cells grown on MA at 30 uC for 4 days. The following tests were performed on strains CNU001 T , using identical culture conditions and methods. Gliding motility was assessed on plates of 10-fold-diluted MA (Bowman, 2000) and also by the hanging drop method (Bernardet et al., 2002) . Gram reaction was performed by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Growth at 4, 10, 15, 20, 25, 30, 37 and 42 u C was measured on MA. NaCl requirement and tolerance were determined using synthetic ZoBell agar medium (ZoBell, 1946) prepared with modified artificial seawater. This medium contained (l
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) 5 g Bacto peptone, 1 g yeast extract, 0.1 g ferric citrate, 15 g Bacto agar, 5.94 g MgSO 4 . 7H 2 O, 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl, 1.3 g CaCl 2 and 0-100 g NaCl (in intervals of 10 g). The pH range for growth was determined using MB that had been adjusted to various pH values (pH 5.0-10.0, at intervals of 0.5 pH unit) with HCl or NaOH, after sterilization; growth was measured as the change in absorbance at 600 nm with time. Anaerobic growth was assessed by incubation on MA in a GasPak anaerobic system (BBL) for 15 days at 30 u C. Cellular pigments were extracted, from cells grown without light in MB, using acetone/methanol (1 : 1, v/v), as described by Yoon et al. (2008) . After centrifugation of the crude extract, an absorption spectrum for the resultant supernatant solution was recorded in a DU 800 UV-visible spectrophotometer (Varian) at 200-800 nm. Erythrobacter longus KCCM 12180
T was used as the positive control for this spectrum analysis. Catalase activity was revealed by the production of oxygen bubbles by the cells when mixed with 3 % (v/v) H 2 O 2 on a glass slide. The presence of oxidase activity was determined by oxidation of 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine solution. DNase activity was investigated by using DNase test agar with methyl green (Difco) supplemented with 2 % (w/v) sea salts (Sigma). Hydrolysis of carboxymethylcellulose (CM-cellulose), casein, starch and Tweens 20, 40, 60 and 80 was investigated on MA, after 7 days of incubation at 30 u C (Lányí, 1987; Tindall et al., 2007) . Other phenotypic and enzymic characteristics of strain CNU001
T and the reference strains were assessed using API 20E, API 20NE and API ZYM kits (bioMérieux) according to the manufacturer's instructions, with incubation at 30 u C for 3 days, 3 days and 8 h, respectively. The oxidation of different carbon sources by strain CNU001
T was assessed using GN2 MicroPlates (Biolog) according to the manufacturer's instructions. The inoculum used for all of the commercial tests was a bacterial suspension in 3 % (w/v) sea salts. Antibiotic sensitivity was tested by spreading a suspension of cells in 2 % (w/v) sea salts on MA and then applying discs impregnated with ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), lincomycin (15 mg), nalidixic acid (30 mg), neomycin (30 mg), novobiocin (5 mg), penicillin (10 IU), polymyxin B (300 mg), rifampicin (5 mg), streptomycin (25 mg) or tetracycline (30 mg).
Cells of strain CNU001
T were Gram-staining-negative, non-motile rods that measured 0.2-0.3 mm in width and 0.6-0.9 mm in length. Colonies grown on MA for 3 days at 30 u C were circular, convex, smooth, entire, yellow in colour and 0.5-3.0 mm in diameter. The novel strain grew at 15-37 u C (optimum 30 u C), at pH 6.0-10.0 (optimum between pH 7.0 and pH 8.0), and with 1.0-5.0 % (w/v) NaCl (optimum between 2 % and 4 %). Bacteriochlorophyll a was not detected in cultured cells of strain CNU001
T but was detected, as expected, in the cells of E. longus KCCM 12180
T that were used as a control. Strain CNU001
T was oxidase-positive and catalase-positive but negative for nitrate reduction. It hydrolysed Tweens 20, 40, 60 and 80 but not CM-cellulose, casein, DNA or starch. The other phenotypic characteristics of strain CNU001
T are summarized in the species description. The physiological and biochemical properties that allow strain CNU001
T to be distinguished from closely related type strains of members of the genus Erythrobacter are shown in T and E. gangjinensis KCTC 22330 T were prepared from cultures grown on MA at 30 u C for 3 days and identified by following the protocol of version 4.5 of the Sherlock Microbial Identification System (MIDI). Fatty acids were separated by GC (6890N, Agilent) and identified by using the TSBA50 database of the Microbial Identification System (Sasser, 1990) . The following tests were performed on strain CNU001
T only. Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) and separated by two-dimensional TLC on plates of silica gel 60 F 254 (Merck). Chloroform/ methanol/water (65 : 25 : 4, by vol.) was used for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2. by vol.) for the second dimension, as described by Minnikin et al. (1977) . Individual polar lipids were identified by spraying with molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents Erythrobacter jejuensis sp. nov. (Minnikin et al., 1984; Komagata & Suzuki, 1987) and by co-migration with authentic lipid standards (PH-9, Sigma). Isoprenoid quinones were analysed by HPLC (ZQ 4000; Waters) on a reversed-phase column (30063.9 mm, NovaPak C18; Waters), as described by Komagata & Suzuki (1987) . The G+C content of the novel strain's genomic DNA was determined by the thermal denaturation method (Marmur & Doty, 1962) , using a UV-visible spectrophotometer (Evolution 300; Thermo Scientific); DNA from Escherichia coli K-12 was used as a control.
The fatty acid profile of strain CNU001 T was characterized by high levels of the unsaturated fatty acids C 18 : 1 v7c (39.1 %) and C 17 : 1 v6c (25.5 %) and was essentially similar to the profiles of members of the genus Erythrobacter, although there were differences in the presence and proportions of some fatty acids ( Table 2 ). The polar lipid profile of strain CNU001
T comprised diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol, one sphingoglycolipid, one unidentified aminolipid and six other unidentified lipids (Fig. S3) . The presence of sphingoglycolipid is characteristic of several taxa of the family Erythrobacteraceae (Lee et al., 2005) . The major respiratory lipoquinone was ubiquinone-10 (UQ-10), in line with all current members of the family Erythrobacteraceae (Lee et al., 2005) . At 58.9 mol%, the T . All data from this study. All strains were positive for oxidase, catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin and acid phosphatase activities and for the hydrolysis of Tweens 20, 40, 60 and 80. All strains were negative for lipase (C14), cystine arylamidase, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase, arginine dihydrolase, lysine decarboxylase , ornithine decarboxylase, tryptophan deaminase and a-fucosidase activities and for the hydrolysis of CM-cellulose and urea. All were also negative for H 2 S and indole production, acid production from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose, and utilization of arabinose, mannose, N-acetyl-Dglucosamine, caprate, citrate and phenyl acetate. All were susceptible to carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), novobiocin (5 mg) and rifampicin (5 mg) but resistant to nalidixic acid (30 mg), polymyxin B (300 mg) and streptomycin (25 mg). +, Positive; 2, negative; W, weakly positive. 
Ampicillin (10 mg)
genomic DNA G+C content of strain CNU001 T is slightly lower than the values of 59.5-67.0 mol% reported for members of the genus Erythrobacter (Yurkov et al., 1994; Yoon et al., 2005a, b; Lee et al., 2010; Xu et al., 2010) .
In conclusion, on the basis of the phylogenetic evidence (including the relatively low 16S rRNA gene sequence similarities recorded between the novel strain and established Erythrobacter species), combined with several other physiological and biochemical characteristics (Tables 1 and  2) strain CNU001 T could be distinguished from recognized species of the genus Erythrobacter. Strain CNU001
T is considered to represent a novel species of the genus Erythrobacter, for which the name Erythrobacter jejuensis sp. nov. is proposed.
Description of Erythrobacter jejuensis sp. nov.
Erythrobacter jejuensis (je.ju.en9sis. N.L. masc. adj. jejuensis of or belonging to Jeju Island in the Republic of Korea, where the type strain was isolated)
Cells are Gram-staining-negative, non-motile, rods that are 0.2-0.3 mm wide and 0.6-0.9 mm long. After 3 days on MA at 30 u C, colonies are circular, convex, smooth, entire and yellow. The temperature range for growth is between 15 and 37 u C (optimum 30 u C). Grows at 15-37 u C (optimum 30 u C), at pH 6.0-10.0 (optimum between pH 7.0 and pH 8.0), and with 1.0-5.0 % (w/v) NaCl (optimum between 2 % and 4 %). Has no detectable bacteriochlorophyll a. Oxidase-positive and catalase-positive but negative for nitrate reduction. Aesculin and Tweens 20, 40, 60 and 80 are hydrolysed but CM-cellulose, casein, DNA, gelatin, starch and urea are not. Negative for the production of acetoin, indole and H 2 S and for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase activities. Does not produce acid from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin or arabinose and does not assimilate arabinose, mannose, mannitol, N-acetyl-D-glucosamine, gluconate, caprate, citrate or phenyl acetate. In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, valine arylamidase, trypsin and acid phosphatase activities but negative for lipase (C14), cystine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase activities. Susceptible to carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), novobiocin (5 mg), penicillin (10 U), rifampicin (5 mg) and tetracycline (30 mg) but resistant to ampicillin (10 mg), lincomycin (15 mg), nalidixic acid (30 mg), polymyxin B (300 U) and streptomycin (25 mg). The major fatty acid are C 18 : 1 v7c and C 17 : 1 v6c. The major respiratory lipoquinone is ubiquinone-10 (UQ-10). The polar lipids comprise diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol, one sphingoglycolipid, one unidentified aminolipid and six other unidentified lipids.
The type strain, CNU001
T (5KCTC 23090 T 5JCM 16677 T ), was isolated from seawater collected off Jeju Island, South Korea. The genomic DNA G+C content of the type strain is 58.9 mol%. 
